Introduction
The emergence of multiple biomarkers, and the recognition of their limitation when used individually as a predictive tool, has lead the research community to attempt pooling their prognostic value, particularly when they reflect different pathophysiological pathways. 1 In acute heart failure (AHF), several biomarkers, 2 including natriuretic peptides, 3 -6 adenomedulin, 7 ST-2, 8 cardiac troponins, 9 and tumour marker antigen carbohydrate 125 (CA125) 10, 11 have been shown to correlate with parameters of disease severity and independently associated with clinical outcomes. B-type natriuretic peptide (BNP) is a neurohormone synthesized in ventricular myocardium and released into the circulation in response to ventricular dilatation and pressure overload, 12 whereas CA125 is a glycoprotein synthesized by epithelial serosal cells in response to fluid accumulation 13, 14 and/or cytokine production. 15 Interestingly, fluctuations of both biomarkers have been observed in response to treatment, 4, 6, 11 although with different kinetics. For instances, BNP has shown a mean half-life of 20 -30 min, 12 whereas CA125 has regularly shown a half-life higher than 1 week. 16 Since these two biomarkers (CA125 and BNP) reflect different pathophysiological mechanisms for the progression of heart failure (HF), and their modification over time follows different response patterns, we speculate that their combination after initial treatment for AHF will enable a better risk stratification.
The aim of the present study was to assess whether in patients admitted to the hospital with a diagnosis of AHF, the combination of the prognostic utility of CA125 and BNP would improve mortality risk prediction at 6 months. As a secondary objective, we assessed their added predictive ability for cardiovascular (CV) and HF progression mortality.
Methods

Study group and protocol
We prospectively studied a cohort of 1111 patients consecutively admitted to the cardiology department of Hospital Clínico Universitario de Valencia from 1 January 2004 to 1 January 2009 with the diagnosis of AHF following current guidelines. 17 -19 Diagnosis of AHF was defined as the rapid onset of symptoms and signs secondary to abnormal cardiac function and the presence of objective evidence of structural or functional abnormality of heart at rest (such as cardiomegaly, third heart sound, cardiac murmur, abnormality of the echocardiogram or raised natriuretic peptide). For the purpose of this study, AHF was the main diagnosis that prompted the hospitalization. By design, patients who died during the first 48 h were excluded from this analysis (n ¼ 19). In addition, patients with a diagnosis of acute coronary syndrome, cancer, pneumonia, sepsis, severe hepatic disease, or endstage renal disease undergoing dialysis treatment were excluded see (Supplementary material online, Figure S1 ). Demographic information, medical history, vital signs, 12-lead electrocardiogram, laboratory data and drug utilization were routinely determined in emergency department and throughout the hospital course following preestablished registry questionnaires. All patients received intravenous treatment with furosemide at least during the first 48 h of admission. Left ventricular ejection fraction (LVEF) was assessed through echocardiography (Agilent Sonos 5500-Phillips) during index hospitalization. Treatment with angiotensin converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), beta-blockers, aldosterone antagonist, anticoagulants, and other therapeutic strategies were individualized following established guidelines operating at that time. 17 -19 To our knowledge, treatment decision was not influenced nor guided based on CA125 and BNP values. Follow-up was limited to 6 months. Patients' follow-up was censored if death or having undergone cardiac transplantation occurred within this period. All-cause mortality was selected as the main endpoint. Secondary endpoints were 6-month CV and HF progression death. The information about the cause of death was extracted from the patient's clinical chart and adjudicated by an investigator who was blinded to the values of BNP and CA125 markers. Once identified, the cause of death was categorized following the classification used by the American Heart Association. 20 Deaths were considered non-CV in origin if a specific non-CV cause was identified as the main trigger for the event. Otherwise, CV aetiology was considered and included sudden death, progressive HF death, deaths attributable to other CV causes (such as myocardial, infarction, stroke, etc.) and unknown cause of death. Sudden death was defined as the event that occurred unexpectedly in an otherwise stable patient and progressive HF death when it did occur in the setting of clinical progressive deterioration of HF symptoms with no other apparent cause. For the present study, those patients who died out-of-hospital (14.4%), in which the information about the circumstances around the death was provided by family members or by outpatient charts review, were assumed to be CV in origin. However, this category of unknown cause of death was treated independently from other CV causes in the competing risk analysis (it was not pooled with sudden death). This study was approved by an institutional review committee and patients gave informed consent.
Biomarkers measurement
Measurement of biomarkers and a plan to study the prognostic value of the combination of these two biomarkers were prespecified. Antigen carbohydrate 125 and BNP serum levels were obtained simultaneously during patient's hospitalization (72 + 12 h after admission) using commercially available immunoassay kits (Elecsys CA125 II assay-Roche Diagnostics and ADVIA Centaur, respectively). Following an overnight fast, venous blood samples were drawn between 8:30 and 10:30 h with patients in resting supine position for at least 15 min prior to sampling. Blood samples were immediately transported to the laboratory of our institution and the biomarker's assay performed by a blinded technician to patient's diagnosis and evolution. The intra-and inter-assays coefficient of variations (CVs) for BNP were 1.8-4.3% at 29.4-1763 pg/mL and 2.3-4.7% at 29.4 -1736 pg/mL, respectively. For CA125, the intra-and inter-assays coefficient of variations (CVs) were 1.1-0.7% at 34.5-104 U/mL and 2.86-3.52% at 34.5 -104 U/mL.
Statistical analysis
Continuous variables were expressed as mean + 1 standard deviation (SD) or median [interquartile range (IQR)] when appropriate. Discrete variables were presented as percentages. Baseline characteristics were compared between groups formed by dichotomizing both biomarkers using previously reported prognostic cutpoints:
3,4,6,10 CA125 (≥60 U/mL) and BNP (≥350 pg/mL). The adequacy of these cutpoints was supported by prognostic-driven methods, which define the point in which the value of the biomarker crossed the zero point in the log-hazard scale as indicative of the optimal cutpoint for our population. 21 Then, we combined these two binary markers and created a new variable with four categories (heretofore called CA125-BNP): C1 ¼ BNP , 350 pg/mL and CA125 , 60 U/mL; C2 ¼ BNP ≥ 350 pg/mL and CA125 , 60 U/mL; C3¼ BNP , 350 pg/mL and CA125 ≥ 60 U/mL; and C4 ¼ BNP ≥ 350 pg/mL and CA125 ≥ 60 U/mL. The 6-month mortality rates among CA125-BNP categories were depicted using the Kaplan-Meier method and their differences tested by the Peto-Peto Prentice test. The independent association between CA125-BNP and 6-month mortality was CA125 and BNP in acute heart failure assessed with the Cox regression analysis. For the secondary analysis, CV death and death attributable to HF progression were independently modelled with Cox adapted for competing risk events. 22 Candidate covariates for the initial multivariable model were chosen based on previous medical knowledge, and independent of their P-value. Then, a reduced and parsimonious model was derived by using backward stepdown selection. The proportionality assumption for the hazard function over time was tested by means of the Schoenfeld residuals. The discriminative ability of the models was assessed by Harrell's C-statistics. The increment in the prognostic utility of BNP and CA125 when adding sequentially to the base model was evaluated by the integrated discrimination improvement (IDI) index. When two nested models are compared, IDI quantifies the increment in the predicted probabilities for the subset of patients experiencing the event and the decrement for those not experiencing the event. In simpler terms, it does reflect an improvement in the average of the true positive rate without sacrificing its average true negative rate. 23 In order to identify clinical variables associated with log-transformed CA125 and BNP, two multiple linear regression analyses were performed. Parsimonious although highly predictive models were obtained by the mean of backward stepdown selection. Variables retained in the final model were ranked based on the magnitude of change in the R 2 . We randomly sampled from the registry 89 patients for a testretest reliability sub-study. From the repeated determinations of CA125 (n ¼ 89; 72 with 2 and 17 with 3 repeated measures) and BNP (n ¼ 69; 57 with 2 and 12 with 3 repeated measures), an intraclass correlation (IC) was estimated using a linear variancecomponents model including a random intercept on each patient. Intraclass correlation can be defined as the proportion of the total variance that is explained by between-subject correlation. It follows that values close to one are indicative of consistency in the repeated measures and, therefore, higher intra-cluster correlation.
A two-sided P-value of ,0.05 was considered to be statistically significant for all analyses. All analyses were performed using STATA 11 
Results
Baseline characteristics stratified by antigen carbohydrate 125 and brain natriuretic peptide levels
The mean age in our sample was 73 + 11 years; 51% were female, 54.6% of the patients exhibited LVEF . 50%. Medians (IQR) for BNP and CA125 were 237 pg/mL (97-434) and 59.1 U/mL (25.2-139.2), respectively (baseline characteristics of the entire group are presented in see Supplementary material online, table S1). Tables 1 and 2 show the clinical characteristics of the study population according to CA125 and BNP categories. Elevation of CA125 (≥60 U/mL) and BNP (≥350 pg/mL) was more prevalent in patients with NYHA class III/IV (last measurement under clinically stable conditions and before the index admission), in males, in the presence of radiological pleural effusion and peripheral oedema and when LVEF ≤ 50%. On the contrary, hypertension, dyslipidemia, admission as hypertensive AHF, and previous treatment with statins were less prevalent among patients with both biomarkers elevated. Lower systolic and diastolic blood pressure, haemoglobin, and LVEF as well as higher serum uric acid were also observed when both biomarkers were elevated. No differences were detected in the sampling time among the two levels of BNP (P ¼ 0.968) or CA125 (P ¼ 0.607).
Clinical predictors of brain natriuretic peptide and antigen carbohydrate 125 in the setting of acute heart failure Supplementary material online, Table S2 listed those variables that were significantly associated with lnCA125 and lnBNP [presented with their respective b coefficients (standard errors) and P-values].
It is important to highlight differences in clinical predictors for both biomarkers (see Supplementary material online, Table S2 ). The most important predictors of lnCA125 (ranked in order of importance) were: (i) presence of pleural effusion and (ii) peripheral oedema (accounting for 57.8% and 12.9% of the total R 2 , respectively). Similarly, patients with radiological pleural effusion and peripheral oedemas had a 3.5-and 1.8-fold increased likelihood of having CA125 ≥ 60 U/mL, respectively. For lnBNP the most important predictors were: (i) LVEF and (ii) serum creatinine (accounting for 41% and 20% of the total R 2 , respectively). Likewise, displaying left ventricular (LV) systolic dysfunction (LVEF , 45%) and modelling serum creatinine as a continuous variable (per increase in 1 mg/dL) were associated with 2.6-and 1.6-fold increase in the likelihood of having BNP ≥ 350 pg/mL.
Moreover, these biomarkers showed to be differentially associated with the type of clinical presentation of AHF. Being admitted with the diagnosis of acute decompensate heart failure (ADHF) was independently and positively associated with CA125 values; in contrast, a presentation as acute pulmonary oedema was related to higher BNP values see (Supplementary material online, Table S2 ). These results were also reproduced in a context of a multivariable logistic regression, where admission with ADHF showed an increased risk of CA125 ≥ 60 (OR: 1.50, CI 95% ¼ 1.12-2.02, P ¼ 0.007), while acute pulmonary oedema was associated with BNP ≥ 350 pg/mL (OR: 1.66, CI 95% ¼ 1.17-2.34,
Relationship of antigen carbohydrate 125 and brain natriuretic peptide with 6-month total mortality At 6-month follow-up, a total of 181 (16.3%) deaths were identified: 63 occurred during the index hospitalization and 118 after discharge. One hundred and fifty-four of all deaths were CV (85%) and 99 were due to HF progression (54.7%). Brain natriuretic peptide and CA125 values were significantly higher in those patients who died when compared with those who remained alive [median (IQR): 401 (472) vs. 218 (308), P , 0.001 and 105 U/mL (144) vs. 52 U/mL (103), P , 0.001, respectively]. Figure 1A and B show that the intersection point between the value of BNP and CA125 with the log-hazard for mortality roughly agreed with the cutpoints selected for their dichotomization.
The cumulative mortality rates as estimated with the KaplanMeier method, were significantly higher for patients with CA125 ≥ 60 U/mL and BNP ≥ 350 pg/mL (25.2% vs. 10.8% and 28.8% vs. 11.9%, respectively, with P , 0.001 for both) as Continued CA125 and BNP in acute heart failure illustrated in Figure 2A and B. By combining these two biomarkers ( Figure 2C ), those patients in C1 (BNP , 350 pg/mL and CA125 , 60 U/mL) exhibited the lowest cumulative rate of mortality ( In the multivariate Cox analysis ( Figure 3A) , the risk gradient observed in the univariate analysis persisted; the highest risk was observed when both biomarkers were elevated (C4 vs. C1: HR ¼ 4.05, 95% CI ¼ 2.54-6.45; P , 0.001) and intermediate when only one of them was elevated: (C2 vs. C1: HR ¼ 1.71, 95% CI ¼ 1-2.93; P ¼ 0.050) and (C3 vs. C1: HR ¼ 2.10, 95% CI ¼ 1.30-3.39; P ¼ 0.002). No interactions were found between these two biomarkers when included in the model as continuous (P ¼ 0.733). Moreover, no interactions were found between CA125-BNP and any of the covariates included in the final model for mortality, which confirm that the direction of the association with mortality applied to the most representative subgroups of patients with AHF such as older . 65 years, females, those with preserved systolic function, ischaemic heart disease, and even those patients in which radiological pleural effusion was not present ( Figure 3B , C, D, E, and F, respectively).
Harrell's C-statistic was calculated from each regression model as a discriminative performance measure. The Cox model that included BNP -CA125 had a higher C-statistic (0.779) when compared with the model without it (0.755) or with the model that included only BNP (0.765). Because of the limitation of the C-statistic to detect a meaningful increase in discrimination when adding a new marker to a base model with already reasonable good discrimination, 24 and the lack of a standardized method to compare this index between nested models, we decided to estimate the IDI index as a more sensitive method to evaluate the added-value in discrimination performance of each biomarker. Table 4 shows the IDI corresponding to the comparison for each pair of nested models. Absolute as well as relative IDI values were monotonically higher and statistically significant when BNP, CA125, and BNP-CA125 were consecutively added to the base model, indicating a significant improvement in risk prediction when CA125 was added to the base model + BNP.
Relationship of antigen carbohydrate 125 and brain natriuretic peptide with 6-month cardiovascular and heart failure progression death
Similar results were observed when BNP-CA125 was tested for CV and progressive HF mortality ( Table 3) 0.791. In summary, the inclusion of both biomarkers improves significantly the discriminative ability of the base models for both specific outcomes; however, the added utility for BNP was found only marginally significant when compared with CA125. Furthermore, the incremental prognostic effect of adding each of these two biomarkers (or both) to the base model or adding CA125 to the base model + BNP was also supported by the IDI index ( Table 4) .
Test -retest reliability sub-study
The between and within-patient SDs of the random intercept model for CA125 determinations were 155.8 and 27.2, respectively, resulting in an IC of 0.97, 95% CI ¼ 0.96-0.98. For BNP, the corresponding values were 529.0 and 263.9, respectively, and the IC estimated at 0.8, 95% CI ¼ 0.71-0.87 see (Supplementary material online, Figure S2 ). This difference allow us to conclude that CA125 was a more reliable biomarker than BNP, finding that indirectly support the notion of being a marker with a lagged response to acute haemodynamic changes. 
Discussion
In this study, we have shown in a non-selected hospitalized population of patients with AHF that combining the prognostic information of BNP and CA125 allows us to characterize various subgroups in regard to 6-month mortality risk: low (when both biomarkers are below the chosen cutpoints), intermediate (when only one biomarker was elevated), and high risk (when both biomarkers are elevated). We also found a dose-response association between BNP and CA125 with CV and HF progression mortality, this last outcome being the most prevalent cause of death in our registry. Furthermore, we found that the prognostic utility provided by these two biomarkers was consistently applied to the most representative subgroups of patients with AHF. We believe that, by knowing that CA125 is a widely available biomarker, cheap, and a surrogate of fluid overload, 10, 11, 13, 14 our results open the possibility of its addition to a routine use of BNP for a better risk stratification in AHF.
Fluid overload and antigen carbohydrate 125
Most patients with AHF exhibit signs of fluid accumulation or central fluid redistribution. 25, 26 The severity of congestion has become one of the most important therapeutic targets in AHF 18, 19 and associated with poor prognosis. 27 Traditionally, signs of congestion (pleural, pericardial and peritoneal effusions, and peripheral oedema) are not routinely used for risk stratification since their presence and quantification are not traditionally evaluated and recorded in HF registries. Antigen carbohydrate 125 has been shown to be associated with clinical (higher NYHA class, and signs of fluid congestion), 10 ,11,13,14,28 -30 Figure 1 Functional forms of CA125 and BNP derived from a multivariable Cox regression model. Using fractional polynomials with four degrees of freedom, their continuum values were plotted against the log-hazard for mortality. Dotted lines indicate the intersection with the point of zero risk, which is assumed to be the optimal threshold for characterizing the study population above and below the risk for mortality. † Sensibility and specificity (receiver operating characteristic curve analysis) of cutpoints were 69% and 56% for CA ≥ 60 U/mL and 57% and 70% for BNP ≥ 350 pg/mL. CA125, serum antigen carbohydrate 125; BNP, brain natriuretic peptide. haemodynamic (correlated with pulmonary artery wedge pressure and right atrial pressure) 11, 29 and echocardiographic parameters (inverse correlation with the deceleration time of early filling on transmitral Doppler), and consequently indicative as a surrogate for HF severity. 11 In addition, high correlations have been reported between CA125 and proinflammatory cytokines (TNF-a and IL-6) and neurohormones (BNP). 15, 29, 31 Although the exact pathophysiological mechanism leading to CA125 elevation in HF have not been totally elucidated, preliminary findings have suggested that CA125 is synthesized by serosal cells in response to presence of serosal effusions, 13,14,32 -34 or in response to proinflammatory stimulus. 15, 35 Moreover, CA125 has been shown to be related with adverse outcomes in patients with HF. 10, 11, 29, 30 In the present study, the presence of pleural effusion and peripheral oedema were the most important clinical predictors of CA125 serum levels. Surprisingly however, we found that CA125 was associated with 6-month mortality independently of radiological evidence of pleural effusion, which suggests that in addition to being a surrogate for systemic fluid congestion, its elevation may also be influenced by other pathophysiological pathways in AHF.
More recently, it has been reported that CA125 serum levels fluctuated according to clinical improvement led by medical treatment, 11,13 -15,29,30 observation that may open a new research avenue about its potential role for monitoring the response to therapy.
Biological plausibility of our findings and clinical implications
Previous studies have suggested a high correlation between BNP and CA125 31 , finding that we could not corroborated. Maybe differences in kinetics, and/or the fact that our HF population seems to be more heterogeneous when compared with other studies (majority of patients with LV systolic dysfunction) are potential explanations for the weak correlation found (r ¼ 15%; R 2 ¼ 2.2%; P , 0.001). By taking into consideration the fact that CA125 has a half-life varying from 5.1 to 12 days (as shown in different cancer studies) 16 and that BNP has a shorter mean half-life of 20 min (with significant variation in response to initial treatment), 4, 6 we envision the potential of integrating acute haemodynamic information in response to initial therapy (provided by BNP) with information regarding HF chronicity (provided by CA125 and assuming it will prove to be a reliable surrogate for the presence of fluid congestion during prior weeks). This We believe that CA125 should be incorporated into clinical practice as a tool to reliably quantify the burden of fluid accumulation/redistribution in patients with acute HF. If further research along this line supports our findings, we feel that this multi-marker approach may become a promising tool for therapy guiding.
Limitations
Some limitations need to be acknowledged: (i) the population included in this study comes from a single centre, which may limit the extrapolation of our results; this is particularly true when considering how homogeneous is this population regarding race; (ii) by design, this study is observational in nature and, consequently, not immune to different types of bias and residual confounding; (iii) the calculation of IDI as a measure of discrimination accuracy does not take into account the censored nature of the data; (iv) the diagnostic and prognostic roles of CA125 needs to be further validated in different populations, in order to recommend its implementation as a routine-valued biomarker; (v) the adjudication of specific cause of death was mainly done using patient's chart review which it may introduce some error on the competing risk estimates; (vi) despite the observed correlation of CA125 with systemic congestion parameters such as pleural effusion, ascites, and pericardial effusion, the use of these variables in our multivariable modelling was precluded by the fact that they were not consistently quantified; and (vii) for patient's recruited before 2005, the adjudication of the type of AHF proposed by European Society of Cardiology was performed in a retrospective way by a chart review.
Conclusions
Antigen carbohydrate 125 added significant prognostic value in patients with AHF in terms of 6-month total CV and progressive Covariates for the adjusted model: age (year), gender, prior admission for AHF, AHF category (acute decompensate heart failure vs. others), admission systolic blood pressure (mmHg), admission heart rate (b.p.m.), atrial fibrillation, evidence of pleural effusion, left ventricular ejection fraction , 50%, serum creatinine (mg/dL), serum sodium ≤ 130 mEq/ L, and treatment with angiotensin receptor blockers and beta-blockers. Omnibus P-value for BNP -CA125. Covariates for the adjusted competing risk model: age (years), gender, prior admission for AHF, AHF category (acute decompensate heart failure vs. others), valvular heart disease aetiology, admission systolic blood pressure (mmHg), admission heart rate (b.p.m.), evidence of pleural effusion, serum creatinine (mg/dL), serum sodium (mEq/L), and treatment with angiotensin receptor blockers. This model used non-CV mortality as competing event.
d
Covariates for the adjusted competing risk model: age (years), gender, prior admission for AHF, valvular heart disease aetiology, admission systolic blood pressure (mmHg), admission heart rate (b.p.m.), evidence of pleural effusion, serum creatinine (mg/dL), and serum sodium (mEq/L). This model used sudden death, other cardiovascular mortality, non-cardiovascular mortality, and unknown death as competing events. HF mortality, beyond the information provided by BNP and independently of other markers and clinical risk factors. The simultaneous use of these biomarkers provided a substantial improvement in 6-month risk stratification, when compared with either of them alone. Because of its low cost and consequently widely available, further studies are warranted to: (i) confirm our results, (ii) address the mechanisms underlying the association with mortality, and (iii) seek for its potential as a therapeuticguided biomarker.
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